Background: Although its incidence has been steadily decreasing in Western countries, gastric cancer remains a leading cause of cancer deaths worldwide. The detection rate of earlystage cancers is improving; nevertheless, the majority of cases is still diagnosed at later stages with a poor prognosis. Furthermore, the results that can be achieved with surgery have reached a plateau of effectiveness. Summary: Neoadjuvant chemotherapy was successfully introduced first in patients with noncuratively resectable disease. In the last decade, neoadjuvant chemotherapy has also been established in potentially curatively resectable cases and has become the state-of-the-art treatment. Esophagogastric junction (EGJ) tumors are not optimally treated with chemotherapy alone, and combined radiochemotherapy (RCT) seems to yield superior outcomes. Key Message: The use of neoadjuvant therapy has been successfully established in patients with curatively resectable disease. Neoadjuvant chemotherapy is now a cornerstone in the treatment of gastric cancer and cancer of the EGJ, although further work is needed in order to define the optimal combination regimen. Practical Implications: Neoadjuvant chemotherapy is currently the gold standard for the treatment of gastric cancer and cancer of the EGJ. Several independent studies have shown the benefits of using combination regimens that included cisplatin and 5-fluorouracil, though recently the use of the EOX (epirubicin, oxaliplatin and capecitabine) regimen has been widely accepted in this setting. Tumors of the EGJ benefit from neoadjuvant treatment with combined RCT. It should be noted that the optimal neoadjuvant regimen in EGJ tumors has not yet been defined, and the survival advantage of neoadjuvant RCT over neoadjuvant chemotherapy remains to be established in this patient population.
Introduction
Although its incidence has been steadily decreasing in Western countries for several decades, gastric cancer remains to be an important health issue and a leading cause of cancer deaths worldwide [1] . The current yearly incidence varies from 5 to 10 per 100,000 in Western Europe and the USA to over 70 in some Far East countries [2, 3] . Whereas the frequency of the 'classic' gastric cancer (i.e. Lauren's intestinal type with its predominant location in the corpus und antrum) is decreasing, there has been a shift to proximal cancer types involving the cardia and the distal esophagus, which are histologically of the diffuse type and usually present at a more advanced stage with a significantly worse prognosis [4] [5] [6] .
Except for early gastric cancers (T1 according to the TNM classification), which may be curatively treated by endoscopic resection alone, radical surgery still offers the only chance of cure for all other cases, which still represent 80-90% in countries with a lower overall incidence. In countries with high gastric cancer incidence like Japan and South Korea, the implementation of screening programs increased the recognition rate of early cancers to over 40% in specialized centers. However, efforts to increase the rate of early cancer detection in other parts of the world have not yet been satisfactory. About two thirds of gastric cancer patients are diagnosed at an advanced clinical stage of disease, mainly stage III and IV (Union for International Cancer Control, UICC).
Thus, curative surgical resection is difficult, and in many cases unreachable. In the large multicentric German Gastric Carcinoma Study enrolling almost 2,000 patients, the R0 resection rate in UICC stage III patients was only 41.1% [7] . Even under optimal surgical conditions with extended lymphadenectomy performed by highly skilled surgeons in the large European surgical trials, which compared D1 versus D2 compartment lymphadenectomy, about 40% of the patients were not curatively resectable [8, 9] . Moreover, radical D2 lymphadenectomy did not result in a better long-term prognosis [10] , suggesting that surgery has reached a plateau of effectiveness.
Neoadjuvant Therapy in Patients Not Curatively Resectable due to Locally Advanced Cancer
Neoadjuvant therapy aims at 'downstaging' the tumor and eliminating the spread of tumor cells or lymph node metastases. This concept was first tested in patients with advanced gastric cancer, for whom curative resection was considered impossible. Studies including patients who were staged by a surgeon at laparotomy and then underwent chemotherapy when considered to be 'irresectable' are of great interest.
Understandably, these studies enrolled only small numbers of patients, but demonstrated a significant benefit for those patients in that about 40% of them were R0 resected after 2 or 3 cycles of systemic chemotherapy [11] [12] [13] [14] [15] [16] . The Italian group could confirm these results in a larger trial enrolling 82 patients, who were considered not curatively resectable according to laparotomy in 63% and to CT scans in the remaining third. After polychemotherapy 45% of the patients achieved R0 resection. This, in turn, resulted in a significantly better prognosis: 25 of 37 resected patients were alive after 2 years and 24 of them were disease-free. The median and 4-year survival of the whole group was 17 months and 31%, respectively [17] . Due to ethical reasons phase III studies could not be performed in this setting.
Neoadjuvant Chemotherapy in Potentially (Curatively) Resectable Patients
About two decades later the neoadjuvant treatment principle was transferred to patients who were considered to be curatively resectable. Cunningham et al. [18] performed a randomized study on 503 patients suffering from upper gastrointestinal cancer, mainly gastric cancer (74%). The study protocol consisted of three pre-and three postoperative cycles of epirubicin, cisplatin and 5-fluorouracil (5-FU) for the combined therapy group versus a control group without chemotherapy. The resection in the combined therapy group was performed after three cycles of chemotherapy regardless of patient response. The results were impressive: the rate of R0 resections was 79% in the combined group versus 69% in the control group, and the overall 5-year survival rate was 36 vs. 23% (p = 0.009). In fact, only 40% of the patients in the combined arm received the intended postoperative chemotherapy, mainly due to intolerance in the postoperative phase. Therefore it can be postulated that the preoperative treatment is decisive for the beneficial effects.
The next question was whether similar results could be achieved with a more simple chemotherapy regimen. Ychou et al. [19] published a randomized study on 224 patients with upper gastrointestinal cancer, of whom the majority (64%) had adenocarcinomas of the esophagogastric junction (EGJ) (associated with a poor prognosis). Two or three cycles of a cisplatin/5-FU regimen followed by resection and (in responders) postoperatively the same regimen led to a significant increase in 5-year survival in the combined treatment arm (38 vs. 24%, p = 0.02).
Not all results of studies on neoadjuvant chemotherapy in gastric cancer were consistent: The European Organisation for Research and Treatment of Cancer conducted another randomized trial to compare neoadjuvant chemotherapy plus surgery with surgery alone in patients with advanced cancer of the stomach and the cardia [20] . The trial was stopped for poor accrual when 144 patients were enrolled. Although the R0 resection rate in the combined therapy group was significantly higher (81.9 vs. 66.7%, p = 0.036), a survival benefit could not be shown. The authors explain this with a low statistical power, a high rate of proximal (EGJ) cancers of 52% and a better outcome than expected in the surgery alone group due to extended lymph node dissection outside the perigastric area.
Meanwhile we learned from the large REAL studies in the palliative setting that 5-FU may be substituted by the oral fluoropyrimidine capecitabine and cisplatin by the less toxic oxaliplatin without any loss of efficacy. This substitution simplifies perioperative chemotherapy, and EOX (epirubicin, oxaliplatin and capecitabine) has currently been established widely as a standard regimen for this purpose.
Neoadjuvant Radiochemotherapy in Potentially (Curatively) Resectable Patients with Esophagogastric Junction Tumors
The incidence of adenocarcinoma of the EGJ has been increasing dramatically over the last decades. Treatment outcomes with surgery alone have shown disappointing results. There are only very few trials focusing exclusively on patients with adenocarcinoma of the EGJ. Most trials incorporated patients with squamous cell carcinoma, which has a different biology. Adenocarcinoma patients constituted a subgroup of the trial population.
In the Dutch CROSS trial, 75% of 363 patients had potentially resectable adenocarcinoma of the distal esophagus and the EGJ [21] . Patients receiving neoadjuvant weekly paclitaxel plus carboplatin with concurrent radiotherapy (41.4 Gy over 5 weeks) had pathologic complete responses in 29% and a significantly higher resection rate (R0 resections 92 vs. 65%) than patients in the surgery alone arm. The 3-year survival rate was 58% in the neoadjuvant radio-chemotherapy (RCT) arm versus 44% in the controls. These results confirmed data from a smaller Irish trial comprising 113 patients with esophageal adenocarcinoma [22] . Neoadjuvant RCT consisting of 5-FU and cisplatin with radiotherapy of 40 Gy in this trial resulted in pathologic complete response in 25% of patients. However, this trial has been criticized because of its low survival rates. The 3-year survival rate was 32% in the neoadjuvant arm compared to only 6% in the surgery alone group. A survival advantage of preoperative RCT was also shown in the CALGB 9781 trial [23] . A fourth small randomized trial with 43 patients did not demonstrate a survival advantage but was probably underpowered [24] .
The optimal neoadjuvant regimen has not yet been established since neoadjuvant RCT trials used different chemotherapy and radiation schedules [25, 26] . Only two trials compared neoadjuvant RCT with chemotherapy alone. In the German POET study neoadjuvant RCT with cisplatin, 5-FU, leucovorin and 30 Gy radiotherapy was compared to chemotherapy with a similar regimen, both arms followed by surgery [25] . Complete pathologic response was achieved in 16% in the RCT and in 2% in the chemotherapy arm. The 3-year survival rate was not significantly improved with 47% (RCT) vs. 28% in the chemotherapy arm. This trial was ended prematurely due to poor accrual with only 126 of 354 planned patients. An Australian phase II trial with 75 patients with adenocarcinoma of the distal esophagus and EGJ also showed an improved histopathological response rate and a higher R0 resection rate with neoadjuvant RCT compared to chemotherapy alone [26] . However, neoadjuvant RCT did not improve overall survival.
The most recent meta-analysis of neoadjuvant RCT in adenocarcinomas of the distal esophagus and the esophageal junction showed a survival benefit of 8.7% at 2 years compared to surgery alone [27] . Compared to neoadjuvant chemotherapy RCT shows improved locoregional control, but a clear survival advantage of neoadjuvant RCT over neoadjuvant chemotherapy has yet to be established.
Future Aspects
The next logical step aims at a better (earlier) identification of responders and nonresponders to preoperative chemotherapy. All in all, about 70% of gastric cancer patients respond to the various currently applied chemotherapy protocols. There have been attempts to select the non-responders by evaluation of their biologic tumor activity revealed by positron emission tomography shortly after initiation of chemotherapy. In patients who did not show a significant decrease of their biologic tumor activity 2 weeks after initiation of chemotherapy, this could be discontinued without compromising the prognosis [28] . So far, this has not been confirmed in large multicenter trials, which is partly due to a restricted access to positron emission tomography.
Another point of interest is the question which role postoperative chemotherapy plays in the whole setting. Undoubtedly, postoperative chemotherapy, especially when gastrectomy was performed, is less well tolerated than prior to operation. In both large randomized studies the rate of fully applied postoperative chemotherapy cycles was less than 50%. We know from the large number of studies addressing adjuvant chemotherapy that the benefit of the patients is very small if there is one at all [29] [30] [31] [32] . To evaluate the role of postoperative therapy, randomized studies are needed which compare perioperative (pre-and postoperative therapy) with pure neoadjuvant treatment.
In conclusion, as long as the majority of gastric cancer patients is diagnosed at an advanced stage of disease, neoadjuvant treatment will be the standard of care and has already improved the prognosis of these patients more than any other development in the treatment of gastric cancer during the last 20 years.
